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(54) Tide: IMMUNOASSAY AND KIT WITH TWO REAGENTS THAT ARE CROSS -LINKED IF 
(57) Abstract 

The present invention relates to an immunological test kit and 
immunoassay using a first immobilized antibody having affinity for 
a specific : antigen. The invention is characterized by a second and 
third antibody being specific for different determinants of the anttgen 
and modified with cross-linkable oligonucleotides. For detection the 
oligonucleotides are amplified, whereby only such oligonucleotides 
w01 be amplified which have been cross-linked to each other. In 
this way unspecific background is avoided and detection is possible 
down to single molecules. 
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IMMUNOASSAY AND KTT WTH TWO REAGENTS THAT ARE CROSS-L1NKED W THEY 

ADHERE TO AN ANALYTE 

Technical field 

The present invention relates to ultrasensitive immunoassays. 
More specifically, it relates to immunological test kits and 
processes for immunological detection of a specific antigen. In 
the present invention, the fields of immunology and molecular 
genetics are combined. 

Background of the invention 

immunoassays represent powerful tools to identify a very wide 
range of compounds, such as antigens and antibodies. Examples of 
immunoassays are ELISA (enzyme linked immunosorbent assay) EIA 
(enzyme immunoassay), and RIA. (radio immunoassay). Common to all 
these immunoassays, is that detection sensitivity i s i imited by 
the affinity of typical antibodies. 

With the prior art immunoassays, detection is not possible below 
a certain number of molecules, because the background i e 
unspecifically bound material, interferes with the results.' 
Detection of very low numbers of antigen is becoming increasingly 
important, especially f or diagnostic applications. Therefore 
further developments in sensitivity as well as specificity of 
immunological assays are desired. 

Cantor et al, Science, Vol. 258, 2 Oct. 1992, have previously 
reported the attachment of oligonucleotides to antibodies in 
order to permit detection of such antibodies having bound antigen 
in immune reactions. A streptavidin-protein a chimera that 
posseses tight and specific binding affinity for both biotin and 
immunoglobulin G was used to attach biotinylated DNA specifically 
to antigen-monoclonal antibody complexes that had been immobili- 
zed on microtiter plate wells. Then, a segment of the attached 
DNA was amplified by PGR (Polymerase Chain Reaction). Analysis 
of the PCR products by agarose gel electrophoresis after staining 
with ethidium bromide allowed detection of 580 antigen molecules 
(9,6 x 10-" moles) which is a significant improvement compared 
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to, for example, conventional ELISA. 



However, in Cantor et al., the labeled DNA-antibody complexes are 
assembled in situ during the assay. This can create variable 
stoichiometry in the assembly of the components and in the 
attachment of the DNA label. Moreover, extra steps are required 
for addition of biotinylated reagents and binding proteins. 
Numerous wash steps are also needed to remove excess reagents and 
to free assay components of non-specif ically bound reagents. 

Hendrickson et al., Nuc i elc Ac±ds Reaearch/ „ Vq1 23 
report an advancement of the Cantor et al. assay that reduces 

H T 1S 3ChieVed *™ — ody with DNA 

by direct oovalent linkage of the DNA to the antibody, m this 

nT°T' analyte SpeC±f±C antib ° d * the 5. amino modified 
oli 9r°nucleotide are independently activated by me ans of 

IZ1ZT he " er ° blfuncti -^ cross-linking agents. The activated 
reaction. * ^ ™ ^ ±n * ^ spontaneous 

international patent publication no. wo 91/17442 describes a 

de^cti" ^ 3 S±9nal m immunoassays for 

doub^ , T ^—-.^ comprises an antibody, a 

DNA den rT P ° lynUCle0tide ^ctioning as a promoter for a 
DNA dependend RNA polymerase, and a single or double stranded 
template for the promoter. The transcription product is quantifi- 
ed and correlated to the amount of present antigen in a sample. 

However in all three of the above described immunoassays the 

lete^tLiT "J ° nlY 95 3 ^ * ^ ^ 

des attal H **** *° diS *^°» oligonucleoti- 
n'leotid . ant±b0dieS haVin * ^nd antigen and oligo- 
nucleotides attached to antibodies not having bound antigen, i e 

sn^Lr n0n - SPeCificall r trappy. Non-specifically trapped 
th^lf 91V \ rlSe ^ Sn UndSSlred ^ckground signal and limits 
11 w^r ° f antigSn m ° lecuies be detected and 

will not be possible to distinguish between false positive and 
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true positive results below a certain number of antigen molecu- 
les. Commonly, solid supports such as microtiter plates, are used 
for the reactions. According to prior art, there will always be 
an excess of oligonucleotide-labeled antibody that cannot be 
removed from the solid support by adding background-lowering 
agents and by repeated wash steps. 

Summary of the invention 

The present invention enables detection of extremely low numbers 
of antigenic molecules, even down to a single molecule. The 
invention provides reliable immunoassays in situations where 
insufficient numbers of antigens are available for conventional 
assays. 



According to a first aspect of the invention, there is provided 
an immunological test kit comprising a first immobilized reagent 
having affinity for a specific macromolecule, such as a protein 
Furthermore, the test kit comprises a second and a third affinity 
reagent specific for different determinates of said macro- 
molecule, and modified with crosslinkable compounds enabling a) 
conjugation of said second and third affinity reagent only when 
both are bound to the said, same macromolecule, and b) detection 
by amplification. 

According to a preferred embodiment of the invention, the 
affinity reagents are antibodies and the crosslinkable compounds 
are oligonucleotide extensions attached to the second and third 
antibody, respectively. The macromolecule is in this case a 
specific antigen. 

According to a second aspect of the invention there is provided 
an immunoassay for detection of a specific antigen, comprising 
"the following steps: 

a) contacting a sample suspected of containing said specific 
antig n with a first antibody linked to a solid support, said 
first antibody being specific for a first epitope on the antigen, 

b) washing off excess reagents, 
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lLtiT*T a K " h 3 SOlUtl ° n ° f a seoona and * third -»t««y 

specific for a second ana tWrd epltope of sai(j m y 

modified with crosslinkable oligonucleotides enabling conation 

!L thlrd antlb ° dy When both a ~ to the 

said, same antigen, 

d) washing off excess reagents, 

e) amplifying said crosslinked 'oligonucleotides and 

f ) detecting the amplified products. 

In'tibodT fr0m amPll£iC " i °" — only result when two 

antibodies i.e. the second and the third, have bound to the sZl 
antigen. Thus, amplification is specific for antibodies havZ 
bou„ a t 0 ^ Non-specifically trapped antibodies do not "iv! 
rise to any signal. give 

Detailed description of the invention 

TfZTr^lX::^ Wl11 te dSSCrlbed — below with 

efexence to the accompanying drawings, in which 

TJj^ZT °° UPlln9 -«-d oligonucleotides 

in Fig. 1 there is shown an immobilized antibody to a specific 
antigen applied together with two other antibodies, specific for 

speclfxcally interacting species with a known affinity, such II 
lectins, receptors, single chain antibodies cofactors w 
nucleotides and other non-proteins, can be ^TZZSZ 

TtT7^Z SP *°T "* m ° dified " ith compounds 
nucleotide^ t . Preferably short oligo- 

so moditl e " entl ° ns - »*« th. coordinated binding of several 
antlbodi aMlb ° di -- Oligonucleotides of neighbouring 

antlbodxes are conjugated to each other. The conjugation may Z 
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may not necessitate an enzymatic ligation step depending on the 
orientation of the oligonucleotide extensions. 

If the conjugation is between free 3' and 5' ends ligation is 
necessary, such as by T4 RNA i igase or T4 DNA ^ To 
facilitate the conjugation, it is convenient to use a stretch of 

tTT* & °T*: 13936 t0 thereb ^ Juxtaposing the 

^n^. 0li — — - ting their joining 

If the conjugation is between free 3' ends these have to be 
designed to be mutually complementary to achieve base pairing and 
initiation of DNA synthesis extending the 3' ends of the the 
molecules . 

Thus only in those cases where the antibodies are brought close 
enough through binding to the same antigen molecule can the 
oligonucleotides be ligated. Ligated molecules subsequently serve 
as templates for nucleic acid amplification reactions. 

In Fig. 2, there is shown a suitable way to attach the oligo- 
nucleotide extension to the antibodies. First, the oligonucle- 
otides are terminally amino-modif ied and then attached to primary 
amines on the antibodies via disulfide bonds, e.g. according to 
the technique of Chue and Orgel, Nucleic Acid Research, Vol. 16 
No. 9 1988. Another way is by direct covalent coupling as 
described by HendricJcson et el., supra. 

The antibodies used in the invention can be polyclonal, mono- 
clonal or single chain antibodies produced by bacteriophages. In 
the latter case, it is possible to have antibodies equipped with 
an oligonucleotide binding part, rendering the above coupling 
step between antibody and oligonucleotide unnecessary. 

The amplification technique to obtain detectable products is, for 
example, PGR (Polymerase Chain Reaction), LCR (Ligase Chain 
Reaction), SDA (Strand Displacement Amplification) bacteriophage 
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^/r 1 !"" 0 "' an<3 (Sslf - S ""^"ed synthetic Reaction), of 

lycling " threS neth ° iS d ° n0t regUlre ^P-ature 



The me thoa for detecting amplified produots oan _ fer 

direct incorporation of a label, such as radioisotope, fiuoro- 

=f label-conjugated priors or nucleotides. Preferably the 
accusation of amplified products is monitored via the flore- 
scence fro. intercalating dyes, such as propldium iodide! etiZ, 
bromide and SYBR H green from Molecular Probes. 

. The invention is not restricted to detection of any special Kind 
of -molecule such as an antigen; the only crLLon it na 

»«T« , ^ bS ablS t0 -i-ultan.ou.ly bind thr.e 

antibodies/affinity reagents. In the case where the effing 
reagents are antibodies, the three antibodies are specific f!r 

oos s m eP " OPaS ° n an " 9en - <* «*<*•—« analysis. It is 
possible to assure that the antibodies do not bind to overlapping 
epitopes on the antigen. overlapping 



EXAMPLE 



Immunoglobulins were modified in a reaction with SPDP <3-(-pyri- 
dyldithio,proplonic acid N-hydroxysucclnimlde ester fron, 
Pharmacia Biotech, according to the manufacturer's suggestion^ 

t;:rrr thioiated - either «- 

NucT Acid P R hOSphorMlai ^ -cording to Connolly (Connolly BA, 
Nucl. Acid. Res. 1 987 15: 3i3l), or 3 ■amlnomodif ied oligonuoleol 
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ITi reaCt6d SPDP ' f ° ll0Wed by Action of the 

dithiopyridyl bond, using dlthiothreitol . 

SPDP-modified antibodies were incubated with three equivalents 
of SH-containing oligonucleotides at 4»c over night. The reaction 

Re^duLT USing 3 Zorbax HP ^ gel filtration column. 

Residual free antibody were removed from the isolated conjugate 
by ion exchange MonoQ FPLC separation. 

OlLoT °^r nUCle ° t±deS USed t0 c °<^^ the antibodies were 
Oligo 1: 5'Tr S C3-ATA GAC TGA GCG TGG ACA TTA ATA TGT ACG TAG 
GCT TAA TTG AGT 3. and Oligo 2: 5-P ATG TAC GAC CCG TAG ATA TTA 
TGG C *T GGG CAT GAT GAA CAT C-NHSPDP T3 < 

The immune test was performed by first binding lug of biotinyla- 
ted antibody to individual streptavldln-coated prongs on a 

manifold support. [Pari* et al.. Anal. Biochem; (ig 9 3) 211: 144- 
150B] After washes using PBS (phosfhate buffered saline) with 
0.5% Tween 20, the prongs were lowered into solutions of antigen 
(myoglobin) at variable concentrations. After further washes, the 
supports with bound antigen were incubated in a solution of two 
oligonucleotide-conjugated antibodies #2 and #3 at 5 ng each per 
reaction The supports were washed, an oligonucleotide complemen- 
tary to the free ends of the antibody-conjugated oligonucleotides 
was added (4 pmol per reaction, 5'CTA CGG GTC GTA CAT ACT CAA TTA 
AGC GTA 3'), a nd the ends of oligonucleotides on nearby anti- 
bodies were Joined covalently by ligation at 37'C for 30 min 
using 1 u of T4 DNA ligase. The supports were then washed in a 
standard PC R buffer, and the supports were added as templates in 
a PCR mix, including two primers specific for sequences located 
at either side of the ligation Junction (5' TTA ATG GCG AG 3 • ) and 
Tag polymerase. After two cycles, the supports were removed and 
the amplification was continued for 26 more cycles. Amplification 
products were examined by separation in an agarose gel and 
ethidium bromide staining. 
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CLAIMS 



1. An immunological test kit comprising a first immobilized 
reagent having affinity to a specific macromolecule, charac- 
terized in a second and a third affinity reagent specific for 
different determinantes of said macromolecule, and modified with 
crosslinkable oligonucleotides. 

2. An immunological test kit according to claim 1, charac- 
terized in that the affinity reagents are antibodies, and that 
the macromolecule is a specific antigen. 

3. An immunological test kit according to claim 1, charac- 
tered in that the affinity reagents are lectins, receptors, 
sxngle chain antibodies, cof actors and nucleic acids. 

4. An immunological test kit according to any one of the claims 
to eatTtrer 2 " " ^ 0li -~— «• complementary 



5. An immunological test kit according to any of the claims 1- 
4, characterized in that it further comprises a ligase. 

6- An immunoassay for detection of a specific antigen 
characterized in: 98n ' 

IL^T^ 3 3 SamPl6 SUSPSOted ° f -ntainlng. saia Epecl£lo 

ht ™ tlbody beln ° specific for a first epitope on the antigen 
b) washing off excess reagents 

specif TT° * SOlU " 0n ° f 3 SeC ° nd ' third 

2 said ol^onucieotiaes enabling conjugation 

of said second and third antibody when both are bound to the 
said, same antigen, 
d) washing off excess reagents, 

) amplifying said crosslinked oligonucleotides, and 
f ) detecting the amplified products. 
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a ligase is added before step d). 



7. An immunoassay according to claim 6, characterized in that 



8. An immunoassay according to claim 6 or 7, characterized in 
that an oligonucleotide complementary to the crosslinkable 
oligonucleotides is added before step d) ossixnkable 
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